A novel strain, 219820 T , whose metabolites were found to be active against tumour cells, was isolated and characterized. The isolate belonged to the genus Streptomyces and had white to grey aerial mycelium and long chains of smooth spores in the aerial mycelium. A phylogenetic tree based on 16S rRNA gene sequences showed that strain 219820
The genus Streptomyces, proposed by Waksman & Henrici (1943) , currently encompasses more than 500 species, the largest genus in the domain 'Bacteria' (Hain et al., 1997) . Members of the family Streptomycetaceae have attracted great attention because of their ability to produce various natural products of considerable commercial value (Bérdy, 2005) .
During a search for novel antibiotic producers, strain 219820 T , which showed activity against the human colon tumour cell line HCT-116, was isolated from a composite mangrove soil sample collected in Sanya, Hainan Province, China (Hong et al., 2009 ). The soil sample was heated in an oven at 120 u C for 60 min, treated with a solution of chloramine-T (1.0 %, w/v) (Hayakawa et al., 1997) and then incubated for 20 days at 28 u C on isolation plates of glucose-aspartic acid-vitamin medium (Hayakawa et al., 1991) . The purified strain was maintained on yeast extractmalt extract agar [International Streptomyces Project (ISP) medium 2] (Shirling & Gottlieb, 1966) slants at 4 u C for short-term storage and as glycerol suspensions (20 %, v/v) at 220 uC for long-term preservation (Wellington & Williams, 1978) .
Morphology was observed by light (80i; Nikon) and scanning electron (FEI QUANTA) microscopy of ISP 2 agar cultures incubated at 28 u C for 15 days. Cultural characteristics were determined after 2 weeks at 28 u C using methods described by Shirling & Gottlieb (1966) . Colony colour was determined by using ISCC-NBS colour charts (Kelly, 1964) . Physiological and biochemical characteristics of strain 219820 T and its phylogenetically most closely related neighbours were tested together using the well-established procedures of Williams et al. (1983) and Kämpfer et al. (1991) . Tolerance to temperature and pH was tested on plates of modified Bennett's agar (Jones, 1949) incubated for 7-14 days. NaCl tolerance was tested in liquid modified Bennett's medium incubated at 28 u C for 7-14 days.
Biomass for chemical and molecular systematic studies was obtained after incubation at 28 u C for 4-7 days in shake flasks (about 180 r.p.m.) of ISP 2 broth. Amino acids and sugars of whole-cell hydrolysates were analysed by TLC as described previously (Hasegawa et al., 1983; Lechevalier & Lechevalier, 1980) . Cellular fatty acids were extracted by the method of Sasser (1990) and the composition was determined by GC (Oliver & Colwell, 1973) . Menaquinones were extracted from freeze-dried biomass, purified according to Minnikin et al. (1984) and analysed by HPLC with an ODS-BP C 18 column (4.66250 mm). Phospholipids were analysed by TLC using the technique described by Minnikin et al. (1984) .
Genomic DNA preparation, and PCR amplification and sequencing of the 16S rRNA gene, were carried out using the procedure described by Goodfellow et al. (2007) . The 16S rRNA gene sequence of strain 219820
T was multiply aligned with representative sequences of related streptomycetes obtained from GenBank/EMBL/DDBJ using CLUSTAL X software. The alignment was verified manually and adjusted prior to the reconstruction of a phylogenetic tree. The unrooted phylogenetic tree was generated via the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) tree-making algorithms in MEGA version 4.0 (Tamura et al., 2007) ; evolutionary distances for the neighbour-joining algorithm were calculated with the Kimura two-parameter model (Kimura, 1980) . Topologies of the resultant trees were evaluated in a bootstrap analysis (Felsenstein, 1985) based on 1000 replicates. Values for pairwise 16S rRNA gene sequence similarities among the closest strains were determined using the EzTaxon server (http://www.Eztaxon.org) (Chun et al., 2007) . All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). It was apparent from the initial neighbour-joining analysis, which included more than 500 related sequences of Streptomyces type strains, that isolate 219820
T represented a bona fide member of the genus Streptomyces (data not shown).
Chromosomal DNA was extracted as described by Pospiech & Neumann (1995) . The DNA G+C content of strain 219820 T was determined by the HPLC method (Mesbah et al., 1989) . DNA-DNA relatedness studies were performed between strain 219820 T and related type strains using a modified nylon membrane hybridization method based on PCR-mediated amplification. Chromosomal DNA of the strains was digested with Sau3AI and fragments of 200 bp to 2 kb were collected. Sau3AI-digested DNA was ligated with the appropriate linker applying T4 DNA ligase (TaKaRa) using a method modified from Wassill et al. (1998) . The linker-modified target DNA was labelled using a PCR DIG Probe Synthesis kit (Roche). The unlabelled PCR products were spotted onto Hybond-N+ nylon membranes (Amersham) for hybridization. After a minimum of 1 h of prehybridization, hybridization was carried out overnight at 65 u C in rotating glass tubes. One hundred nanograms of denatured DNA probe labelled with digoxigenin was added to the hybridization solution. Washing was performed as follows: 265 min with 20 ml 26 SSC, 0.1 % SDS, then 2615 min with 20 ml 0.16 SSC, 0.1 % SDS at 65 u C. The filter was then processed with phosphatase-labelled anti-Dig antibody and signals were produced with the chromogenic substrate NBT/BCIP as described in the manufacturer's protocol (Roche). Signals were quantified densitometrically.
Strain 219820
T grew well on most of the media tested (Supplementary Table S1 , available in IJSEM Online). Pale yellow to dark yellowish-brown colonies that bore white to grey aerial spore mass were formed on ISP media 1, 2, 3, 4 and 6 (Shirling & Gottlieb, 1966) , modified Bennett's agar, Czapek's agar and nutrient agar (Dong & Cai, 2001) . Strain 219820 T exhibited poor growth on ISP 5 and ISP 7 agar media. No diffusible pigment was detected on any of the media tested. Morphological observation of a 15-day-old culture of strain 219820 T grown on ISP 2 agar revealed that both aerial and vegetative hyphae were abundant, well-developed and not fragmented. Strain 219820 T showed typical characteristics of the genus Streptomyces. Spore chains were Rectiflexibiles in nature. Spores were elliptical or shaped like short rods (0.3-0.660.7-1.1 mm). The spore surfaces were smooth (Fig. 1) .
T was positive in tests for gelatin liquefaction, milk coagulation and peptonization, melanin production, H 2 S production, urease production, catalase production, degradation of Tweens 20 and 80, growth on cellulose, and the oxidase test; it was negative for starch hydrolysis, nitrate reduction, L-tyrosine degradation, aesculin degradation and carboxymethyl-cellulose degradation (Table 1) . Growth occurred at pH 5.0-9.0 (optimum, pH 7.0), at 10-40 u C (optimum, 28 u C) and with 0-10 % (w/v) NaCl Polar lipid analysis revealed the presence of phosphatidylethanolamine, phosphatidylinositol and phosphatidylinositol monomannoside, indicating that the phospholipid was of type II sensu Lechevalier et al. (1977) . The menaquinones were MK-9(H 8 ) (58.5 %), MK-9(H 6 ) Fig. 1 . Scanning electron micrograph of spore chains of strain 219820 T grown on yeast extract-malt extract agar (ISP 2) at (38.9 %), MK-9(H 4 ) (1.9 %) and MK-8(H 4 ) (0.7 %). The major cellular fatty acids of the isolate were iso-C 16 : 0 (21.86 %), anteiso-C 15 : 0 (17.94 %), iso-C 15 : 0 (11.04 %), iso-C 14 : 0 (9.90 %), 10-methyl C 16 : 0 (8.39 %), C 16 : 1 v9c (8.21 %) and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; 5.94 %). In addition, C 17 : 1 v8c (3.96 %), anteiso-C 17 : 0 (3.54 %), C 17 : 0 (2.38 %), iso-C 17 : 0 (1.95 %), C 15 : 0 (1.38 %), C 17 : 1 v6c (1.19 %) and C 19 : 0 (1.02 %) were detected. The G+C content of the genomic DNA of strain 219820 T was 73.24 mol%. These characteristics are consistent with those of the genus Streptomyces. According to Lechevalier & Lechevalier (1980) , the diagnostic amino acids of the genus Streptomyces are LL-diaminopimelic acid (DAP) and glycine, corresponding to cell-wall chemotype I. Strain 219820
T contained both LL-and meso-DAP, which is similar to the type strain of the most closely related species, Streptomyces crystallinus NBRC 15401 T (data from this study). Whole-cell hydrolysates of strain 219820 T contained galactose and glucose.
The almost-complete 16S rRNA gene sequence (1489 nt) of strain 219820
T was aligned manually with the corresponding partial 16S rRNA gene sequences of the type strains of representative members of the genus Streptomyces retrieved from GenBank/EMBL/DDBJ. Phylogenetic analyses based on 16S rRNA gene sequences showed that strain 219820 T fell into a distinct subclade with the type strains of S. crystallinus, Streptomyces melanogenes and Streptomyces noboritoensis, an association that was supported by both of the tree-making algorithms employed. Strain 219820 T shared highest 16S rRNA gene sequence similarity with S. crystallinus NBRC 15401 T (98.624 %), which corresponds to 20 nt differences at 1489 locations with gaps, and lower values with S. melanogenes NBRC 12890 T (98.565 %) and S. noboritoensis NBRC 13065 T (98.564 %). The phylogenetic tree based on the 16S rRNA gene sequences of strain 219820 T and the most closely related type strains of species of the genus Streptomyces is shown in Fig. 2 . 
DNA-DNA hybridization tests were carried out between strain 219820 T and the phylogenetically most closely related type strains. DNA-DNA relatedness values between strain 219820 T and S. crystallinus NBRC 15401 T (31.0± 0.7 %), S. melanogenes NBRC 12890 T (27.8±0.9 %) and S. noboritoensis NBRC 13065 T (17.5±0.5 %) were all significantly lower than 70 %, the threshold value for the delineation of genomic species (Stackebrandt & Goebel, 1994) , thus suggesting that the novel strain should be considered as a representative of a separate species. Comparison of the phenotypic characteristics of strain 219820
T and its closest phylogenetic neighbours also revealed significant differences (Table 1) . S. crystallinus was selected for a detailed cultural characteristic comparison with strain 219820 T on the basis of phylogenetic distance and DNA-DNA relatedness data and its close position to the novel isolate in the phylogenetic tree. The two strains could be easily differentiated based on cultural characteristics (Supplementary Table S1 ).
A combination of genotypic and phenotypic data show that strain 219820
T merits recognition as the type strain of a novel species in the genus Streptomyces, for which the name Streptomyces sanyensis sp. nov. is proposed. or L-valine. Growth occurs at pH 5.0-9.0 (optimum, pH 7.0), at 10-40 u C (optimum, 28 u C) and with 0-10 % (w/v) NaCl (optimum, 0 % NaCl). The cell wall contains LL-DAP with nearly the same amount of meso-DAP. Whole-cell hydrolysates contain galactose and glucose. Predominant menaquinones are MK-9(H 8 ) and MK-9(H 6 ). The diagnostic phospholipid is phosphatidylethanolamine. Major cellular fatty acids are iso-C 16 : 0 , anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 14 : 0 , 10-methyl C 16 : 0 , C 16 : 1 v9c and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH).
The type strain is 219820 T (5CGMCC 4.5626 T 5DSM 42014 T ), isolated from a composite mangrove sediment sample collected in Sanya, Hainan Province, China, and exhibits cytotoxic activity against the human colon tumour cell line HCT-116. The G+C content of the genomic DNA of the type strain is 73.24 mol%.
